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Human hair fat has been examined and found to contain saturated and un-
saturated fatty acids (1). Applications of oleic acid have been found to induce a
parakeratosis in the corneum and mitotic activity in the deeper layers of the epi-
dermis of the rat (2). Whether this effect was directly on the epithelium and
tissues or indirectly via the nerves or blood vessels was riot determined. In either
instance there would have to be some penetration of the epidermis. More re-
cently the effects of oleic acid, linoleic acid, and squalene have been investigated
by Flesch and Goldstone (3) on the hair follicles. The inference from their work
is that the detrimental effect is directly on the hair follicles. The extent of perle-
tration and action of these unsaturated fatty acids normally found in human
hair is unknown.
Various attempts have been made to see if, and by what channels, fats and
fatty acids, containing fat soluble dyes, penetrate the skin (4). In other technics,
fats have been applied to the skin and the skin stained after sectioning to obtain
the location of the fat (5). In either instance, the dyes spread to adjacent tissues
and rio one has ever been able to demonstrate fatty acid penetration or destina-
tion too clearly (Calvery, Draize, and Long (6)). Rothman (7) advances the
explanation that fats cannot pass through the epidermis proper because they
exist in a colloidal disperse phase. Calvery, et al (6) however, point out that
theoretically the lipoid substances such as cholesterol, lecithin, and the fatty
acids should be able to penetrate since they are miscible in both fats and water.
The present investigation is an attempt to follow the penetration of fat and
some fatty acids into the skin by the fluorescence they possess or enhanced
fluorescence due to substances dissolved in them.
METhODS
Rats, ranging in age from 20 to 30 days, were used in these experiments. Among the many
substances applied were linoleic acid, oleic acid c.p., ricinoleic acid, anhydrous lanolin,
and squalene. Linoleie acid possesses more marked fluorescent properties than the other
substances. To increase the fluorescence of the latter either 1 part of menthyl anthranilate
or methyicholanthrene to 99 parts fatty acid was added. The hair was removed from the
animals a day prior to the time of application of the material which was gently rubbed or
sopped on. At various intervals following the applications, biopsies were taken and fixed
in 10% formalin. Following 12 to 24 hours of fixation and a few hours of washing in water,
sections were cut 20 in thickness on the freezing microtome and mounted in glycerine on
regular glass slides. For illumination, a standard Spencer housing with resistance and con-
taining a General Electric AH3 85 watt Mercury bulb was used. A Spencer microscope with
a quartz condenser was used for observing the preparations. Photographs were taken with
the same lamp on Super-Panchro Press Type B film.
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OBSERVATIONS
Linoleic acid penetrates the epithelium rapidly. Biopsies taken a few minutes
after application show it passing through the epithelial cells (fig. 1). In this pho-
tograph, the nuclei appear as the darker circles and the linoleic acid is within
the cytoplasm. Already, small amounts have entered the capillaries which form
a horizontal plexus just below the epidermis.
Twenty minutes after the applications, sections show that much linoleic acid
is present in the blood vessels (fig. 2). A higher magnification is shown in figure 3.
To be certain that it was the blood vessels which the linoleic acid had entered,
relations of the blood vessels to certain hair follicles etc., were carefully noted.
The bright light parts of the microscope were then substituted for the fluorescent
attachments. Observations with bright light showed that they were the same
blood vessels which contained the linoleic acid noted with the fluorescent equip-
ment. A comparable picture of the vessels with linoleic acid in them was produced
by injecting linoleic acid into the heart and skin vessels of the rat. Comparison
with a section of the untreated skin (fig. 4) demonstrates the quantity of linoleic
acid which has entered the blood vessels. Cross sections of various vascular
channels show that the linoleic acid adheres as a thin film to their lining.
Figure 5 shows a section of skin from a rat which has received applications
twice daily for two days and once the third day. A biopsy was taken thirty miii-
utes after the last application. Great thickening of the corneum has occurred.
The vessels contain much fluorescent material, indicating that there has been
great penetration of linoleic acid.
Oleic acid is also absorbed readily. Droplets of varying sizes can be seen in
the epidermal cell layers (fig. 6) 10 minutes after application. If two or three
applications are made daily for two days and another on the third day, many
droplets are found in the epithelium (fig. 7) thirty minutes after the last applica-
tion. Only minute amounts are ever found in the blood vessels at any time,
indicating that passage into the vessel is slower, not extensive, or that there is
little retention in the vessels.
Lanolin and ricinoleic acid were retained mainly in the outer strata of the
epidermis. Figures 8 and 9 show skin to which lanolin and ricinoleic acid each
containing menthyl anthranilate, were applied. The ricinoleic acid was applied
to litter mates of those rats which received applications of either linoleic acid
or oleic acid; the effects of the latter are seen in figures 1 and 6. The lanolin was
applied to a litter mate of the animal from which the biopsy was taken for
figure 3. It is interesting to note how the depth of penetration of the ricinoleic
Fin. 1. Skin treated with linoleic acid containing menthyl anthranilate (99 parts acid,
1 part anthranilate). Biopsy taken 10 minutes after application. X150. c—capillary; by.—
blood vessel.
FIG. 2. Biopsy of skin 20 minutes after application of linoleic acid. X75
FIG. 3. Biopsy of skin 30 minutes after application of linoleic acid. X150
FIG. 4. Normal skin of rat. Littermate to rat whose skin is shown in figure 3. X75
FIG. 5. Application of linoleic acid was made twice daily for two days and once on the
third day. Biopsy was taken 30 minutes after the last application. X75.
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acid and lanolin is very definitely limited. There is little evidence of a deeper
penetration of the lanolin and ricinoleic acid in biopsies taken two hours after
the application. If they penetrate their absorption must be very slow or in small
amounts since they cannot be detected by fluorescence. The anthranilate does
not inhibit the penetration of lanolin for linoleic acid passes through equally
as fast when it contains a similar concentration. Menthyl anthranilate alone dis-
solves in the sebum and penetrates down the hair shaft and increases the fluores-
cence of the sebaceous glands (fig. 10). Little evidence was found that squalene
penetrated to any extent.
DISCUSSION
The path of penetration of substances through the skin has been thought to
be via the hair follicles (5). The epithelium here is thinner, less cornified and
would seem to be more easily penetrated. However, it may be pointed out that
the follicle is filled with sebum most of the time and unless substances are fat-
soluble, they could never pass to the level in the follicle where a greater chance
of permeability exists. MacKee et al (8) thought that the likely route of inuncted
materials was "down the follicle and into the cutis via the sebaceous glands as
well as directly through certain segments of the outer root sheaths; thence not
only downward and horizontally but also upward from the cutis into the epi-
dermis, including the basal and prickle cell layers." In new-born mice, benz-
pyrene was found by fluorescence in the intercellular spaces and intracytoplasmic
spaces of the cells of the epidermis, while nuclei were devoid of fluorescent mate-
rial (9). Since the linoleic acid in the present experiments is found in the hori-
zontal plexus of vessels under the epithelium before it is found in vessels around
the sebaceous glands, a great amount must pass directly through the epidermis.
The fluorescent linoleic acid appears to be in every part of the cytoplasm of the
epithelial cells. There is no evidence that any enters the nucleus of the cells. It
is interesting that the fatty acids entered the blood vessels; yet this is not so
unusual when one considers their transportation from the intestine by the blood
(10, 11).
The means of application—that is, a brisk rubbing or sopping on—did not
seem to be factors in the penetration of the acid. Linoleic acid at temperatures
varying from 26° to 50° C. was tried and seemed to penetrate equally well in
every case. Temperature, therefore, seems of little influence. The skin was
cleaned with ether in some instances and this seemed to have little effect on
penetration of the linoleic acid.
FIG. 6. Oleic acid and menthyl anthranilate. Biopsy taken 10 minutes after application.
Littermate of rat shown in figure 1. X150.
FIG. 7. Application of oleic acid was made twice daily for two days and once on the third
day. Biopsy was taken 30 minutes after last application. X75.
FIG. 8. Lanolin and menthyl anthranilate (99 parts to 1 part) 10 minutes after applica-
tion. Littermate to rat's skin shown in figure 3. X150.
FIG. 9. Ricinoleic acid and menthyl anthranilate (99 parts to 1 part) 10 minutes after
application. Littermate to those shown in figure 1 and 6. X150.
FIG. 10. Menthyl anthranilate. Biopsy taken 10 minutes after application. Littermate to
rat shown in figure 2.
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The linoleic acid must affect the epithelial cells and decrease their protective
properties since, after several applications, the acid seems to penetrate faster
and in greater quantities. The penetrating fatty acids probably induce growth
and repair of the epithelium as does any other injury (12). Following application
there is great proliferative activity of the epithelial cells to compensate for the
injured and killed cells (2). Large quantities of linoleic acid, when introduced
into the stomach via a tube, produce no irritation to the intestinal epithelium.
In this instance the epithelium is more resistant or the acid is converted into
a less irritable substance by the intestinal contents.
The fact that lanolin was retained by the superficial strata of the epidermis
and did not penetrate more deeply was surprising. According to Harry (4) and
Sulzberger (8), lanolin and other types of ointment, such as water in oil emul-
sions, did not penetrate in their experiments. A similar conception is given by
Johnston and Lee (13) when they conclude there was absorption of radioactive
sodium chloride from fatty bases through the unbroken skin.
SUMMARY
Following application of either lanolin, linoleic acid, oleic acid, ricinoleic acid,
or squalene to the backs of different rats, biopsies of the skin were taken at in-
tervals, fixed, frozen, and sectioned. The sections were mounted in glycerine and
observed by fluorescence microscopy. Linoleic acid penetrated the skin and was
found in the capillaries 10 minutes after application. Oleic acid penetrated the
epidermis more slowly and little was ever found in the capillaries. Lanolin and
ricinoleic acid were mainly retained in the outer strata of the epidermis. Little
evidence was found that squalene penetrated to any exent.
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